Using panel data, this paper tests whether foreign, public, and private capital have a positive and significant effect on aggregate output and labor productivity for Mexico during the 1960-2001 period. The richer information set made possible by the sectorial data enables this study to utilize the methodologically sound Agroup-mean@ Fully Modified Ordinary Least Squares (FMOLS) procedure developed by Pedroni to generate consistent estimates of the relevant panel variables in the cointegrated production (labor productivity) function. The results suggest that, in the long run, changes in the stocks of public and private capital and the economically active population (EAP) have a positive and economically significant effect on output ( and labor productivity) in all sectors. By contrast, changes in the stocks of foreign capital have a mixed effect, with a negative and statistically significant effect on output (and labor productivity) in the services sector; a positive and economically significant impact on output (labor productivity) in the industrial sector, and a positive but insignificant effect on output (labor productivity) in the primary sector.. The period is also broken down into two sub-periods: 1960-81 (state-led industrialization) and 1982-2001 ("neoliberal" model). The estimate for the public capital variable clearly shows that it had a positive and relatively important economic effect during the earlier state-led period, while the private capital variable remains positive and significant in both periods. The foreign capital variable has a positive and highly significant effect during the ISI period, but, turns unexpectedly negative and economically significant in the neoliberal period (JEL: O10, O54, C33, H54).
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Introduction.
The onset and aftermath of the debt crisis of the early 1980s forced Mexico=s cash-strapped government to abandon its long-standing import substitution industrialization ( ISI) strategy of economic growth and development. The dismantling of ISI led to the privatization of the country=s massive state-owned sector, the deregulation of its labor and financial sectors, and following the country=s accession to the GATT in 1986, its economy was transformed from a heavily protected and highly regulated one to, arguably, one of the most open and unregulated economies of the region. This market-led, outward-oriented process, although begun by the De la Madrid administration (1982) (1983) (1984) (1985) (1986) (1987) (1988) , was effectively locked in, both economically and institutionally, by the Salinas de Gortari administration (1988 Gortari administration ( -1994 with the passage and phased implementation of the NAFTA beginning in January of 1994.
The country=s transition from a closed to an open economy has been anything but easy. It has often been marred by a series of economic crises and financial setbacks, most dramatically in 1994-95 with the onset and aftermath of the so-called Apeso crisis ,@ and most recently, with the severe economic slowdown the economy has experienced following the relatively mild U.S. recession in 2001. These economic crises and financial setbacks have led the Mexican government to the involuntary adoption and implementation of several IMF-sponsored adjustment programs which have resulted in sharp cuts in real government spending across the board, the severe contraction and increase in the cost of credit, and last but not least, repeated 4 4 devaluations of the domestic currency in real terms [see Ibarra, 1996; Gonzalez, 2002; and Lustig 2001] .
Not surprisingly, the economic and investment performance of the Mexican economy under these stabilization and adjustment programs has been uneven at best and below the high expectations of its neoliberal advocates, particularly when compared to its performance under state-led ISI. One possible factor in explaining Mexico=s poor growth and investment 1 performance is the sharp fall in public capital spending demanded by the stringent fiscal deficit targets of the various stabilization programs. For example, overall public investment spending as a proportion of GDP (RG) fell precipitously from 12.1 percent in 1981 to barely 2.2 percent in 2002; the dramatic fall in government investment is further revealed by the fact that average public investment spending as a proportion of GDP for the 1990s stood at just 3.6 percent, which is less than half as much as the level recorded during both the 1980s and 1970s. 2 On a more positive note, however, Mexico did experience a sharp increase in inward foreign direct investment flows (FDI) that can, in part, be traced to the country=s implementation of macroeconomic stabilization measures and structural reform programs, as well as the general surge in FDI inflows to developing countries associated with the rapid globalization of production during the decade of the 1980s and 1990s (Chakraborty and Basu, 2002) . FDI inflows to the country jumped from just $2.5 billion in 1989 to $13.2 billion in 2001--more than a fivefold increase (ECLAC, 2004) . Foreign Investors have been attracted to Mexico as a result of privatization and debt conversion programs, the liberalization of the tradeable sector associated with the passage of NAFTA, and the wholesale removal of restrictive FDI legislation 5 5 concerning the repatriation of profits, prior authorization of investments, and sectorial restrictions such as local content and export requirements (Agosin, 1995; Apergis et. al., 2006; Blomstrom & Wolff, 1994; Carrada-Bravo, 1998; De Mello, 1997; Ramirez, 2000) .
In recent years, a number of investigators have undertaken (univariate) empirical studies which attempt to assess the economic impact of changes in public and foreign capital investment in developing countries such as Mexico. The renewed interest in this topic stems from the fact that investments in economic and social infrastructure, whether originating in the public and/or foreign sector, often generate substantial positive spillover benefits for the private sector by reducing the direct (and indirect) costs of producing, transporting, and delivering goods and services to consumers [see Aschauer, 1989; Albala-Bertrand and Mamatzakis, 2001; Barth and Cordes, 1980; Cardoso, 1993; Devarajan and Zou, 1994; Green and Villanueva, 1991; Hermes and Lensink, 2004; Khan and Reinhart, 1990; Moguillansky, 1996 ; Nazmi and Ramirez, 1997; Ram, 1986; Ramirez, 2002] . However, the major problem with several of these studies is that the data set available to test the complementarity hypothesis is often in annual terms and for a limited time period. Thus, even when cointegration tests are performed and error correction models are generated , the reliability of the estimates is questionable because unit root tests have low power when the number of observations is less than fifty as is often the case with univariate (annual) time-series studies.
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In light of the above, this paper estimates a pooled model that attempts to determine whether public and foreign capital in three major sectors of the Mexican economy have a positive and significant effect on Mexican output (and labor productivity) over the 1960-2001 period. The 6 6 information contained in the time series data is thus enhanced by the cross-sectional (sectorial) data which makes it possible to reliably test whether increases in government and foreign investment spending enhance overall output and labor productivity in Mexico. The focus on Mexico is particularly relevant because it is one of the few countries in Latin America and the Caribbean that has reliable and disaggregated time-series data on public, private, and foreign investment spending on a sectorial basis going as far back as the 1950s. More importantly, perhaps, it also allows policymakers to determine where the effects of public and foreign investment spending, if any, are most significant. And since Mexico is a country faced with severe constraints in generating public revenues, any additional information that improves the allocation of scarce resources should prove highly useful to the country=s policymakers.
The paper is organized as follows. Section II provides an economic rationale for including the public and foreign capital stocks as arguments in a modified neoclassical production function, and discusses the empirical methodology to be employed in subsequent sections.
Section III pools data for the primary (agricultural and mining), industrial (manufacturing and heavy industry), and service (banking and retail services) sectors and estimates a Astacked@ production function (and labor productivity function) over the period. This section also applies recently developed panel unit root tests to the relevant variables to determine if they are stationary and a panel (and group) cointegration test developed by Pedroni [1999a] is used to determine whether there is a stable long-term relationship among the relevant panel regressors of the modified pooled production (labor productivity) function. In addition, it proceeds to estimate the pooled production (productivity) function via a Agroup-mean@ panel fully modified 7 Ordinary Least Squares (FMOLS) estimator developed by Pedroni [1999b; which not only generates consistent estimates of the parameters in relatively small samples, but also controls for potential endogeneity of the regressors and serial correlation. This study thus represents an important contribution to the extant literature on the complementarity hypothesis because it addresses the important question of spurious correlation among the variables in the pooled (stacked) model. The last section summarizes the paper's major findings and offers some policy prescriptions.
The Model and Econometric Methodology.
Following the lead of Barth and Cordes [1980] , Aschauer [1989] and Ramirez [2000] , it is possible to rationalize the potential effect of public (foreign) capital spending on output and the marginal productivity of private capital in Mexico by appealing to the modified neoclassical production function given in equation (1) marginal productivity of the private capital stock (F , F > 0) relative to the real interest rate.
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Third, it will increase output via its positive impact on the marginal productivity of labor; i.e., by 12, 13, 14 increasing the amount of both private and public (foreign) capital per worker (F F F > 0).
23, 24
Of course, in the case where public (foreign) and private capital are direct substitutes (F F < 0), an increase in public investment by state-owned enterprises ( or multinational enterprises) in sectors that directly compete with the private sector generates a positive direct effect, but a negative indirect effect that could more than offset it; i.e., when the following condition arises: [(F + F + F + F ) + (F ) + (F ) + (F )] < 0. Finally, in the case where private and public 23, 24 (foreign) capital are independent (F F = 0) , a ceteris paribus increase in public or foreign direct investment will generate a direct positive effect on output.
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Empirical Model
As in Albala-Bertrand and Mamatzakis [2001] and Ramirez [2002] , this paper first estimates a pooled Cobb-Douglas production function that includes the stocks of public and foreign 9 9 capital as inputs of production. In logarithmic form, the model estimated over the period is given by it t it pit git fit y = a + bl + ck + dk + ek (2) where lower case letters denote logs and the variables are defined as in equation (1) Next, assuming that the production process exhibits constant returns to scale for the private inputs but increasing returns over all inputs , private and public, we set b + c =1 while b + c + d + e >1, so that equation (2) can be estimated as a labor productivity function,
If, d and/or e the elasticities of output (or labor productivity) with respect to public and foreign capital are positive and statistically significant, then the public (foreign) capital variable is an important determinant of economic growth and labor productivity at the national and sectorial level. Finally, in the case of constant returns in all four inputs, we set b + c + d + e = 1, and (3) becomes,
or alternatively (4) can be estimated as a capital productivity function. This study estimated empirical versions of equations (2), (3) and (4) that also included time dummies and qualitative variables.
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Data.
The data used in this study were obtained from official government sources such as Nacional 1970-2000 [2001; 1998] . All of the it data are in real terms and expressed in natural logs. For example, y is the natural log of it (pooled) real GDP (in 1970 pesos) and l refers to the natural log of the(pooled) economically active population (thousands of individuals). The capital stock data was generated using a application of OLS or GLS to non-stationary data produces regressions that are misspecified or spurious in nature. They also generate performance statistics that are inflated in nature, such as high R 's and t-statistics, which often lead investigators to commit a high frequency of Type I 2 errors [Granger and Newbold, 1974] .
In recent years, a number of investigators, notably Levin, Lin and Chu (2002) , Breitung (2000), Hadri (1999) , and Im, Pesaran an Shin (2003) It is important to note that, with the exception of the IPS test, all of the panel unit root tests assume that there is a common (identical) unit root process across the relevant cross-sections (referred to in the literature as pooling the residuals along the within-dimension). The LLC and
Breitung tests employ a null hypothesis of a unit root using the following basic Augmented Dickey Fuller (ADF) specification:
where y refers to the pooled variable, X = represents exogenous variables in the model such as it country fixed effects and individual time trends, and v refers to the error terms which are assumed to be mutually independent disturbances. As indicated above, it is also assumed that 12 á=ñ-1 is identical across the three cross-sections, but the lag order for the difference terms across the three sectors is allowed to vary. By contrast, the less restrictive IPS test (and other widely used tests such as the ADF Fisher Chi-square) estimates a separate ADF regression for each of (2), (3) and (4) above will result in biased and inconsistent estimates. It is therefore necessary to turn to panel cointegration techniques in order to determine whether a long-run equilibrium relationship exists among the non-stationary variables in level form.
Panel Cointegration Analysis.
To determine whether a cointegrating relationship exits, the recently developed methodology proposed by Pedroni [1999a] is employed. Basically, it consists of using the residuals derived from the panel regressions for models (2) and (4) 
is unity; i.e, the null hypothesis is that ñ 1. In the case of panel statistics, the first-order autoregressive term in eq. (7) is assumed to be the same across all the cross sections (ñ), while i in the case of group panel statistics the parameter is allowed to vary over the cross sections (ñ ).
If the null is rejected in the panel case, then the variables of the investment function are cointegrated for all countries. On the other hand, if the null is rejected in the group panel case, then cointegration among the relevant variables exists for at least one of the included countries [see Baltagi, 2001; and Dreger and Hans-Eggert Reimers, 2004] .
10 Pedroni (1999b) has shown that each of the statistics converges weakly, in the limit, to a standard normal distribution with a left hand rejection region, with the exception of the variance ratio statistic. The standardized distributions for the above mentioned seven panel and group statistics can be expressed as follows:
Where å is the respective panel/group cointegration statistic and ì and v are the expected mean and variance of the corresponding statistics. 14 14 (3) suggests that the null hypothesis of no cointegration cannot be rejected at the 5 percent level of significance, and, given space constraints, is not reported in Table 2 but is available upon request.)
This study also performed an ADF Fisher unit root test proposed by Maddala and Wu [1999] to determine whether the residuals of each of the three cross-sections of equations (2), (3) and (4) exhibit a unit root (see Table 3 below). In this test, the null hypothesis of a unit root in the residuals (no cointegration) for all three cross sections is set against the alternative hypothesis of some cross sections without a unit root (cointegration). The p-values reported in Table 3 for each cross section suggest that a unit root can be rejected at least at the 5 percent level for models (2) and (4), but not for model (3) where the unit root null can only be rejected for the primary sector.
Also, the ADF Fisher statistic and the Choi Z-stat. for the stacked residuals of models (2) and (4) indicate that the null hypothesis of non-stationarity is strongly rejected in the case of models (2) and (4) but not model (3).
The finding that the (stacked) residuals of models (2) and (4), including the residuals from the individual cross sections, do not contain a unit root suggests that there exists an equilibrium (stable) relationship that keeps the relevant variables in the pooled production (labor productivity) function in proportion to one another in the long run. This is a highly important 15 15 finding because often in panel studies investigators unwittingly apply the GLS method to relationships that are non-stationary in nature, thereby generating spurious results.
Fully Modified OLS Analysis.
In view of the existence of a linear combination that keeps the pooled variables in proportion to one another in the long run, we can proceed to generate individual long-run estimates for equations (2) and (4). In view of the fact that the OLS estimator is a biased and inconsistent estimator when applied to cointegrated panels, we utilize the Agroup-mean@ panel fully modified OLS estimator (FMOLS) developed by Pedroni [1999b; . As indicated in Section I, the FMOLS estimator not only generates consistent estimates of the â parameters in relatively small samples, but it controls for the likely endogeneity of the regressors and serial correlation.
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Formally, the FMOLS estimator for the i-th panel member is given by,
-1 where y* is the transformed endogenous variable, ä is a parameter for autocorrelation adjustment, and T is the number of time periods. Table 4 below presents estimates of the cointegration vectors and t-ratios for models (2) and (4) considered in this study. The basic model was also estimated with common time dummies to deal with potential cross-sectional dependency arising from negative common shocks, such as the 1982-83 debt crisis and the 1994-95 Apeso crisis@ (reported in eq.1a for both specifications).
The estimates for model (2) Mexican economy over the years, the impact of the foreign capital variable on output (labor productivity) is masked and distorted.
The basic production function was also estimated with dummy variables D1 and D2 and they are reported in Table 4 as eqs. 2 and 3. D1 equals 1 for the crises years 1976, 1982-83, 1995 and 2001 and 0 otherwise, while D2 equals 1 for the petroleum led expansion of 1978-81 and 0 otherwise. As can be seen from Table 4 , D1 has an (expected) negative and statistically significant effect, while D2 is positive and statistically significant. The inclusion (or exclusion) of the dummies does not alter significantly the coefficients for the quantitative variables in the production function.
Turning to the estimates in eq. (1) for the basic labor productivity function reported in To determine whether foreign, public, and private capital have a differing effects if the data is broken down by sector over the period under review, FMOLS (time-series) estimates are reported on a sectorial basis for the production function in Table 5 . As can be readily seen, the estimates for both private and public capital remain positive and statistically significant for all three sectors. The foreign capital variable, on the other hand, has an ambiguous effect; it has a positive and significant impact on output (and labor productivity) in the industrial sector, but a negative and economically significant effect on output (labor productivity) in the services sector. (Its effect on the primary sector is positive but insignificant.) Perhaps this is not surprising in view of the fact that, under import substitution industrialization, FDI was disproportionately channeled via a number of institutional mechanisms to the emerging and protected industrial sector [see Looney, 1985; and Ramirez, 1989 ].
Before concluding, Table 6 period and, in eq. (1), it is only statistically significant at the 10 percent level. By contrast, during the earlier state-led investment period , the public capital variable is both economically and statistically significant in all reported equations. The magnitude of the estimate for the private capital variable also decreases during the later period, but this variable remains highly significant throughout both sub-periods.
Turning to the foreign capital variable, the estimates indicate that it is unexpectedly negative during the later period (and statistically significant), yet the magnitude of its coefficient is significantly smaller relative to that of the earlier ISI period. One possible interpretation for the negative coefficient on foreign capital, given that overall private capital includes part of foreign capital, is that the rate of return from foreign capital is less than that from overall private capital.
Another possible reason for the negative estimate is that it is not possible in these regressions, as opposed to those reported in Table 4 , to control for year-specific fixed effects. The results in Table 4 seem to indicate that high correlations between year-specific effects and foreign capital 19 19 could be the reason for the puzzling findings of negative coefficients on the foreign capital variable. Finally, in view of the small number of observations, it was not possible to break down the data by sector in the later period in order to determine why the estimate turned unexpectedly negative. It should also be noted that, for the same reason, it was not possible to include time dummies in the estimation of the regressions for the two sub-periods.
Conclusion.
The paper estimated a pooled production (labor productivity) function for Mexico during the 1960-2001 period which suggests that the economically active population, private capital and public capital have a positive and significant effect on output and labor productivity. Foreign capital, on the other hand, has a mixed effect. When time dummies are included to control for adverse common shocks it has a positive and significant effect on output (labor productivity), but otherwise it has a negative and significant impact. In addition, when the data is dis-aggregated by sector, foreign capital, as opposed to the other variables, has only a positive and significant effect on industrial output. Finally, when the period is partitioned into two sub-periods, viz., the ISI period and the neoliberal period (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) , the foreign capital variable, in contrast to the other regressors, has a positive and significant effect in the former period but an (unexpectedly) negative and significant impact in the latter period. The (unexpected) negative coefficient during the 1982-2001 period may be due to the fact that the rate of return from foreign capital is less than that of overall private capital. Without the availability of disaggregated (micro) data, it is hard to determine why this may be the case.
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The contribution of this paper, in contrast to previous studies that have examined the complementarity hypothesis, resides in three major areas. First, by pooling data across three sectors--viz., primary, industrial, and services--it enabled this study to expand the information set and thus generate a more reliable test of this hypothesis. Second, this paper tested the panel variables for unit roots and showed that they exhibited a unit root (i.e., they evolved as nonstationary processes). The latter is a highly significant finding because most investigators have applied OLS (or GLS) to non-stationary (panel) variables, thereby generating spurious results.
Finally, in contrast to most extant (panel) studies, this paper utilized the methodologically sound 3. It should be noted that this paper ignores the impact of public (foreign) investment spending on the relative prices that private firms face for key inputs and services. To the extent that increases in public (foreign) investment on economic and social infrastructure reduce the relative price of energy, transportation, and human capital to firms in the private sector, it will, ceteris paribus, reduce their prime costs, raise profit margins, and spur further investment and output.
4. In view of the widespread (and often) successful practice of awarding concessions to private firms in countries such as Chile and Mexico, it is not necessary for the public sector to supply these public goods directly. However, as Prager [1992] correctly observes, relatively little attention has been given to the monitoring or supervision costs of outsourcing public works projects. If these costs are substantial, particularly in the medium run, the bias in favor of privatizing these types of expenditures is removed.
5. However, there may be institutional and/or legal reasons for this cross partial to be positive. During the ISI period, for example, foreign investors were allowed to invest in Mexico only if they did so with a domestic partner (s), often including state-owned enterprises. Thus, the cross partial may be positive as a result of an institutional/legal requirement in the form of a joint venture. For further details, see Ramirez (1989) , Looney (1985) , and Lustig (2001) .
6.In the literature, the complementarity hypothesis has been criticized because there are indirect negative effects that arise from the financing of infrastructure expenditures with government shocks, the foreign capital variable was shown to have a positive and significant effect on Mexican output and labor productivity. However, given that it was not possible to do this for the (time series) sectorial or the truncated (panel) data, the (unexpected) negative sign for the foreign capital variable in the so-called "neoliberal" period should be interpreted with care.
Endnotes
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bonds, the printing of currency, higher current and future taxes, and increased foreign borrowing in structurally weak banking and financial sectors. Thus, even when there are alleged positive effects from public investment spending, they may be completely offset by the combined crowding-out effects arising from both the financing and promotion of these types of expenditures [see Devarajan and Zou, 1994 and Green and Villanueva, 1991] . Given that this study is not based on a general equilibrium framework of analysis where such issues are addressed, no strong conclusions can be derived from the reported estimates.
7. Population data has been used as a proxy for the labor force in a number of studies, but this imposes the unrealistic assumption of a constant labor force participation rate, thus generating relationships that are mis-specified and subject to significant measurement error.
8. The initial stocks of private, foreign, and public capital were constructed on the basis of the methodology first developed by Harberger [reported in Hoffman, 2000, pp. 276-77] . The private (and foreign) capital stock figures generated by this methodology are similar to those reported by Hoffman (op.cit.) and Looney [1985] . To ensure the robustness of the results, other estimates of the rate of depreciation were used (2.5 and 7 %), as well as different estimates of the initial capital stock (summing over five years), but the results were not altered significantly.
9. Pedroni [1999a] shows that the A within-dimension statistics are constructed by summing both the numerator and the denominator He proposes using a GLS type approach to account for these (non-contemporaneous) effects that is beyond the scope of this paper. For further detail, see Pedroni [1999b, pp. 28-29] . 12 14. The inclusion of both common time dummies and the D and D dummy variables in eqs. (2) and (3) does not make sense because it generates zero for all entries and a non-invertible matrix. Lin, Chu (2002) , IPS= Im, Pesaran, Shin (2003) . The statistics are asymptotically distributed as standard normal with a left hand side rejection area, except on the Hadri test, which is right sided. A * indicates the rejection of the null hypothesis of nonstationarity (LLC, Breitung, IPS) or stationarity (Hadri) at least at the 5 percent level of significance. Total number of observations (NT) ranged between 117 and 129. Estimations undertaken with EViews5.0. 
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Note: Labor productivity estimates are available upon written request. A * denotes significance at the 5 percent level.
